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Abstract O C$. tain active EmUieu^irifo and cytotoxic fractions prepared 
from Tabe ? naemontana. holstii roots wore investigated, resulting in the 
isolation of the known indole alkaloids cono:mr£irJne. conotiurlns, co- 
ronaridine, gabv> n ine. if;■■ oxoccroz*arid!iia. pericydivme, perivine, ana 
vabssim. Two new el kaloids were assigned the structures 19-cxocono- 
junne and 19-(2-oxcpiopy 1)eonodurine. Both gabumpe and 19-(S-oxo- 


propyljconodurine showed elgrhilcsnt inhibitory activity against P-388 
ceil culture. All of the aikaioids are reported for the first time from T. 
hokth; conod urine, coriGdurainine, gahunine, peri vine, and pericyciivins 
are reported for the first time from any Tabetyt&emOntario, spades. 


Key ph 2 -s.ses □ A l ka i oid s, i n dole—isci a:ed from Ta bema e mo i ;1 a na 
hoistU roots, cytotoxicactiv hy evaluated D Tabernaemoniana holaiii — 
root extract, various indole dkaJcids 1 sol a rod, eytotodc activity evaluated 
□ Cytotoxic activity—evaluated m various indole alkaloids isolated from 
Taberneemonto no hols111 n lots 


A random screening of botanical sources for andesneer 
activity showed that the aqueous alcoholic extract of the 
roots of Ta ser yiaen io m>tana noistii Ik. Sebum (family 
ApocynaceaeJ gave reproducible activity against the cell 
culture (KB) of a human carcinoma of the nasopharynx 
and also against P-3881ympheryrc Ion hernia in tM meu:: v 
Systematic fractionation of -i he extract ied to the isolation 
of th e k n o wn i n d ole al ka! o ids c o n oa a r a mi n e (I), conodti - 
rine (II), gabunme (III)* cor on arid in e (VI), 19-oxccoro- 
naridine (VII), peri vine (VIIJ)* vobasine (IX), and part- 
cyclivine (X), In addition, two new alkaloids were isolated, 
and their structures were determined as 19-oxoconodurine 
(i V} and 1 9-{2-oxopropyi) con od u rine (V). Both of these 
compounds, as well as VII, are probably artifacts formed 
during extraction and purification. Significant cytotoxicity 
in the P-388 cell culture system was shown by g&bunms 
and I9'(2 oxopropy!)con{>durme. No previous work on this 
plant species has been reported, although several other. 
Tabernaemoniana species have been investigated and 
contain many different Indols alkaloids (It 
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VI: R, = H, Rj = H, R, = H 
VII: - H, R 1 R 3 - O 

XlV: R, = och 3 , r, = h, r 3 = ch,coch 3 



■JOuorU 

\ 


-jpA > pH 

1 E V ’ S' 1 J 

■ *L'C H / 


■:; > \ 

; ■ / 

1 B -V - 

” r / N 

v, .A 

]> ■ 


/ - 


t 

i - 


V-" 




























X 


■' ■■■'- - -I. _ :■ 


v ■ > % - p"-r 

L J J ■ U -i ‘■ J 


-: r? .3 r 


r ■ ■ ■ . i 

l j ■. L . 


J J 1 ■ 


- i : r- . ■ n."- J ,* .»■■■. . ’ 


V" ■ 


_ -i ,-ii ■■\ ■ r ■ . ■» • - 

: X t \ s . . . j 1^ - 1 V> J*~ v 


L r r - 

t ", 


t ;■; _ 


■ "" -■> r '■ 


■ ■ p « L •. 

1 *v-. : V 


■ >■ 


-* . 3 
- m \ /• 


J ; t 

H ' 

“ 1 ” , kl if U, "i_ 

■ '■ j '[ .t 

• ^ *■.- Lit? i 


- - -% ... 
x «•” _ 


Wit : an authaim 


■j. icJ iU3|j 


i>cu 




. t _ -x ■: 


UluUOi'i V/’th fcecscrVi f-LI5 tit 3m; yvO'.CPfCs Fv-ictk n D (8.1 g jj 'l-L': 


iform (Lo and is.;:: utm) ymam x r 


. j ' h|n *■ ■■ 

.... LiX. 

:A illon \-.i,vh 
■ 4.0 




i- : ' V . 


J —* _1 


:.L, 1 


l ~ ' 




icapaintioE c: FrniiLcuL*—fracncn 

7 ■ i’Tf! f'.t 


iii a cm co-uni a v.u 


.. y 'n 

r,> 

ISO,/ :•".■ -.■. 

4-.i i- 


j (£ wbs chron 1 ■ ■- -. 7 - heel 


__ 1 _ 


A ; 'i ■ ; ■> 

-'”4 


A* "-I'p:.'. [Tl 


X eluted ra 




roform (2:98) and eolketlon at IpO-inl fraetic^os 
fractions 2-h (3,5 g) combined resi 
column with elution by me £fc a & oi—cS iehior ometh aao (~^ L lA-ftOt'-Oi'i-i 

of 30 mlj and inethanol'dithlorornathaBfi {2:9SJ (33 fracttouS of 30 m..:. 
Fractions 9-16 were combined to yield Fraction I (1.1 yd. and fractious 
23-42 were combined to yield Fraction j (Lo g). 

Isolation of Coronaridiiie (Vf)—- Fraction I was chrojnatogra plied 
in a 2 , 5 -cm column on 100 g of silica gcb with elution by 'metiiaiiol-di- 
chloromethane (1:99) und collection of 30-ml fractions. Fractiona4 and 
5 were combined (390 mg) and treated with methasdic hydrogen chloride 
to yield 100 mg of color lass crystals, mp 221-224° [dt. (4) mp 232-233']; 
[ce]^ — 8 . 7 ° (c 0 + 32 m methanol). The isolate was homogeneous by TLC 
and gave a blue color with the ceric ammonium sulfate reagent; it had an 
Rf value of 0.95 in Solvent System A. The UV absorption spectrum 
showed A max (ethanol) 225 Uog f 4.29). 286 (3.73), and 293 (3.67) nm. r i he 
IR t UV, and mass spectral data for the compound wore identical with 
those published for coronaridine hydrochloride (5 r 8 ), and the NMR 
spectrum \vas consistent with this structure assignseuL 

Isoialiou of 19-Ox©cor^3iE.ridiae (VII)—Fraction J was combined 
with similar materiel from another batch ol fraction D to yielc 3.4 g of 
material, which was chromatographed on a 2 .5-cm column packed with 
240 g of silica gel. Elution with dichloromsthaue (3.8 htors- followed by 
methanol-dichbromethane (0.5:99.5) (1 liter) md m^thanol-dichloro- 
methane ( 1 : 99 ) (3 liters), yielded a new component in the fraction elided 
with from 2-2.5 liters of the last solvent (390 rug). 

Purification of this material by HPLC on Packing E [four 0,5.1 rn X 6.24 
cm (four 2 ft X 0.37 m.)] with elution with mfithauot-dichiorosiaethane 
(0.25:99.75) yielded homogeneous material as the second peak eluted (100 
mg). The material did not crystallize blit was homogeneous on 
TLC. It gave a yellow color with ceric ammonium sidf&te ar*c; had an Rf 
value of 0,9 in Solvent System A, Its UV absorption spectrum showed X ft - ua 
227 (log e 4.52), 285 (3.81), and 295 mu; its IE spectrum showed 
strong bands at. 1730 and 1660 cm"k Its mass spectrum had major peaks 
at m/e 352 (54), 214 (10), 195 (20), 154 (30), 143 (10), 138 (10). and 124 
(100). Comparison of its IE, N'MR, and mass spectra with those obtained 
for 19-GKocoronaridine 7 recently isolated from T\ heyneatu j ( 7 ), showed 
them to be identical, and the compound was identified ae iSLczocoro- 
naridme. 

Separation of F’a i actionfs U mii-. F—Alkaloid matey id cor/esponoing 
to Fractions E and F (12 g) was chromatographed on a 5-cm column 
600 g of silica gal with elution by methauol-cbiorofom (5:95). The ri^D- 
terial elu ting between 1000 and I860 ml was combined to yield Fraction 
K (3.7 g) t and that eluting between 2900 and 3640 ml yielded FvacfJcn 

isolation of Casrodurbie (IS)—Fraction K was chromatographed on 
a 2,5-cm column on 170 g of silica gel with eiudon by ethyl acetate-carhovi 
tetrachlovide-ethanol (50:40:10). The resulting fractions were combined 
into five major fractions on the basis of TLC similarities. The most polar 
fraction (L2 g) v as chromatographed on a 5 X 75-cm column of silica gel 
and eiut.ed with methanol-chloroform (3:97}; 90-mi fractions were col¬ 
lected. The second fraction yielded crystalline material (40 mg) ev 
evaporation of the solvent but was shewn by TLC to consist of wo 
components. Preparative TLC [mathanol-chlcroform (5;95). multiple 
development] gave pure material after crystallization from mathanol, 
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Packing C, 1.8 cm X i,83 m (5.75 in. X 2 ft), with elution by methahoL 
eUomimm (1:99). The material giving rise to the second major UV ab¬ 
sorbing peak in this chromatograrn v/?,s collectec to yield 35 mg of ho- 
cicgou.eouo alkaloid. This ma^rla 1 bid not crystallise but was shown to 
he homogeneous by anslyiical HPLC and TuC in Solvent bystems A and 
3. It gave a blue color with the ceric aznacnium sulfate reagent, bed an 
Ri value of 0.85 in Solvent. .System A* eochromatographed with a 
sample of vobasiue prepared from pen vine ( 11 ) hi Solvent Systems A and 
B, Its mass spectrum showed peaks at tn/e 352 (30) ^ 293 (14), 194 (5), 180 
( 100 ), and 122 ( 9 ); its UV spectrum showed peaks corresponding to: those 
published (5) for vohasine. Its IE cpeotvi:- u.- was ? r >-unicai with the: 
publkk sd {5} for vobssisie. 

Isolatloti of Ketouie Alkaloid V—Fraction P was subjected to HPLC 
on racking C, 1,27 era X 1.22 in f0,5 in. X-4 E ) 7 wmb elation by rnetha- 
noi—ch 1 ore form (1:29) 0 , V- auunojiia; The major fraction wo? 

rochromatographed on Padduv B, using m.e-Fs : vater-concentrated 
ammonia (90:5:5). Evaporation cf the fourth fraction yielded a homo- 
■yg nsoys mate ri a) which was recrvsT^sllisaiJ from instbsYsOi to yield a ne’v 
alkaloid (20 mg), »*» 2O3-204 4 . The compound «tk» homo^neous by 
TLC, having an Rf value of 0.86 in System K, and gave a yellow-green 
cot cr vitil cn e csr i c amm or. I u m - - il •• roo c; on:.. 

Th& UV spectrum of the loolaU>..vrd A-• ^ (ethanol) 225 (log 1 4,63 1 
2S5 (4.08), a»d 295 (4.031 am An IH ^sd^nre siiovwi & eu-ong absorption 
band at a... 1730 on -1 . The mass apectmm showed principal ions at m/e 
774 {2),7$0 (M+,4). 704 (2). 703 (?), 702 (2), 682 {43, 635 (5). 509 (4), 194 
(23), 192 ( 6 ) t 132 (50), 181 (74), 133 < 10O), 173 (U 136 (323,122 (96), and 
53(100). 

Ths Li Mil spectrum showed a triplet at $ 6*90 coin (3H) and 2 doublet 
iftt 5 1.82 ppm ( 3 H), Five threesinglets were observed at B 2.1ft. 
2,68,2,84,8,84, and 4,12 ppm r v/hfb aignet& in tha somatic region sbo^i 
the p-res-eDcs o c eiU■ protons > ?.8 and Lv ppm. 7base signals 

could be assigned, to six proto as on the indole ring and two protons- at¬ 
tached to nitrogen; one of the arem^tic p-’cions was clearly visible as a 
doublet at 6 7.02 pprru A cwo-protoi: ihultiplet evident at o 5.5 ppm t 
and additional signals were apparesE m tho * ^.5-1.5-ppm range, 

K^oistion of Perfeyelivjrto (X)—Fraction r - 3 wm purifiedbyHPLI 
on Packing C to yield a pure fraction as 6 Scribed. On cvy:lallizauon Eom 
methanol, tho material had a melting point of 226-228 ? [in, (HI nj:-' 
226^228° or (12) 232-233 c l F2 0" (c 0i48m chloroform ), £n f 
value of 0,60 in Sclvoot Byzi&m i p-v ; a ^L my-pnvplo color with v a 
ceric ammonium sulfate reagent, its U V absorption spectrum showed 
Xm«E 223 dog e 4.29h 284 (3.65), and 292 (3.59) mm: its mass spectrum 
showsd peaks at m/e 322 ( 20 ), 249 ( 20 ), im (100), and 183 OGO). Finally, 
a companion oft he mftte-riai with r. sample of pcricyelivipo prepared froii* 
p-srivma HE) showed that the two. ware identical 
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giving rii-3 to thn fifkl major peak given by Fraction N on MPLC on 
packing 0 (Fig* I of Ref. 3) (518 mg) was rach^omatographsd on Packing 
R {CM cut X 2.44 m (0.27 in. X 8 ft)] with elution by inetha nol-wa te t-~ 
concentrated ammonia iBC:5:5k. Collection of the two major fractions m i 
reciiiomatography under the same conditions yielded homogeneous 
material from both fractions. 

The material from the first fraction (IG mg after crystal ligation from 
methanol) was identified as a new hisindole amide. It had a melting point 
of 217-218* and an Ef m] m of C'.?0 in System ••. tyns yellow-blue 
color -.vith c -.I-jl •. j arf vicitrm11 iLUiate rs&geiac. 

The LiV gpeci i :.m, el doe isolate showed A m£X 224 foog 14.nCy, 286 fo.lo), 
end 22s (415) nih, Ah IE spectnih Hot M strong hands at V&& 1730 end 
3670 cm -1 . The mass spectrum showed principal ions at m/e 732 (5), 718 
(My 100), 687 ®) die (10 :.,623 (77),4S2 (68), 194 07), 182 (g7), 181 (76), 
ISO (6u> ? 160 (Hr), i26 (12 r . and .-22 (43). Tke HMR spectrum (in ace 
tone-d 6 ) showed a triplet at h 0,00 epm M-HR a doublet at 1.68 ppm (SH), 
and foiira-irea-prctcr. singled el I 2x0,2.68, 3.66, and 3.39 ppm. Signals 
for two WH protons a-, o 7.6 ppm and for Mi aromatic protons from 5 8.8 
to 7.4 ppm were visible, with a dear indication of an A3 pattern at 6.30 

iwo-profon peak at 6 4.30 ppm was 
«30 p j3 m (2 H) c :■=d or h e r 
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give 20 mg of white crystals, mp 220 c dec. [lit. (13) mp 213-213°]. The 
inaterla! had ide: - * hi.1T LC behavior in Solvent Systems A and B (H/ 0.75 
and 0.44) as art authentic sample cf conoduramine (3) and gave a blue 
color with the cm ic ammonium sal fa: a reagent lie UV spectrum showed 
A nies 229 (log c 4.71), 28$ (422). and 285 (4,20) am: its IR spectrum was 
superimpose life cn that or anthsntlv ceriociuiamine (8>. 

1 in latioc of G& h un 1 v e (XU)—j 14atari&1 correspcu.ding t c Pracxi ons 
E and F from a third extraction of plant material (13.6 g) was chroma¬ 
tographed on a 7-cm column on 740 g of silica gel 60. Elution with ben- 
zene-aichLcrome'iha-ia-sthsr containing 1,5% methanol and col¬ 
lection! of 30-ml fractions yielded 13 major com bin fed fractions, Fraction 
S (0.56 g). a combination of tubas 741-1040, was subjected to preparative 
thick-ky&i chroinatogmphy in bernenfe-diebioromethane-eiher (5:4:3) 
containing 10% mathanel v.c yield two alkaloids.. The slower moving 
com pound (7 5 mg) was idsnti f i ed as p eriv ine h i de n d ca 1 w ith the sam p 1 e 
isoiatad previously. Tbs faster moving compound (50 mg) was purified 
by preparative HPLC on a I0-,um octadocylsilyi silica gsl packing vd th 
elution by rrsetbanoi-0.1% ammonium carbonate (70:30- 
r l he compound was homogeneous by TLO &nd bad an Rf value of 0.4 
in Solven t System A. Ita NMR spectrum showed a triplet at a 0.85 ppm 
(3Hb three methyl singlets at 5 £ 54. 3 70, and 3.98 ppm, and a three- 
proton doublet at ^ 1,55 ppm. An aromatic proton signal at £ 6.8 ppm was 


visible as a doublet (J « 8.5 W%) t corrssponding to tbs similar absorption 
m conodurjne and : te derivatives. Ths mass spectrum si:: -ry}. icne at rale 

V (i'4 j V/ j 0:J V. t.XO .f, ^ v V ji . ©40 ^iu/', vj u i \ tV,V i f£ (CjVJ I. (gijj SvS 

|0\ 1 /'Ojjrt ISO ffi* letter i Ar. -!••£« m’i\ . R /1 Y-i r\r,\" •iaa 1 

'/>* WJ, tdd icy tzoft ISO Utj. 166 . (2i) ; x6& (100), :22 (65), and 

j u8 (21). The IR epectritm and TEC celia, v: or o f th u mateMai- ” -are idv.n- 
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be located at this position, leaning to the assignment of Stiuoture IV (or 
an isomer thereof) to the nev; alkaloid. 

Support for the placement of the additional oxygen a tern on the iboga 
portion of the molecule earns from further analysis of ks mass spectrum. 

.. bi-jmdole alkaloids of the voacamine type, an abundant ion at m/e 599 
was assigned Structure XI by Thomas and Biemami (16). In the spectrum 
of IV, this ion wss replaced by an abundant ion at m/e 523, v^hich :s only 
o/r: Ik-able if this Ion has Structure XII where the additional oxygen atom 
is retained in the isovoacangina or voacangina moiety. 

finally, the NMR spectrum of the compound offered confirms cion that 
i z t s 1: uctui e was in 0 &e d 1S - oxo co nodu n n e (IV). The sp e ctr am s ho -,v e d 
oil peaks characteristic of a molecule of the cenodunue type, including 
signals for the six methyl groups (four singlets, one doublet, and one 
triplet) end signals for an aromatic AB system at 6.SO and 7.24 ppm. The 
presence of a conodurine system rather than the isomeric voacamidine 
system (XOI) was indicated by the fact that the down field methoxy- 
carbony! group absorbed at 3.66 ppm (3.62 ppm in deuterochloroform), 
similar to the 3,58 ppm observed for If and quite different from the 3,03 
ppm seen for XIII. Since if was unlikely that the presence of a carbonyl 
ijb-ouo in the iP-posi tioo could ir-iluence me chemical shift of the moth- 
oxycaiboriyl group to this extent (VI and VII have nearly identical shifts 
for their methoxycarbonyi groups), this es-idence indicated that the new 
alkaloid was related to ll rather than XliL The placement cf tire carbonyl 
group at C- j 9 was indicated by the signal at 4,30 ppm, which appeared 
to be a cne-proton singlet superimposed on a broader one-proton signal 
This pattern was noted in the spectrum of 19-oxovoacengine and assigned 
to mu protons at C-o and C-2 (15). 

The ready oxidation of the ihoga alkaloids at C-19 suggested that IV 
might well be an artifact of the isolation process. 

i& '(2-Gxops‘Oi3yI)comcd'uriae (V)—The mass spectrum of the isc- 
l£T.ecI compound indicated that it had a molecular weight 56 mass units 
higher than that of II. Apart from the presence of peaks at m/e 703 (M 
~ 57), '702 (M — 58), and 58, the remainder of the mass spectrum was very 
similar' to that of II ar-d ita isomeric bi sin dole alkaloids. Thus, peaks at 
m/e 122 and 138 could be identified as deriving from an isovoacangme 
or modified isovoacangine moiety, while peaks at m/e 122.180,131. and 
184 indicated the presence of a vobasan moiety (8). The peaks at m/e 702 
and rjS most reasonably arise by a MeLafferty rearrangement invoiviag 
a 2-exupropyl group attached to the alkaloid at some position (17). 

Confirmation of a 2-oxopropyl group in the compound was obtained 
f mbs its NMR spectrum, which showed a sharp three-proton singlet at 
o 2J3 ppm, characteristic of a methyl group bonded to a car bony i /unc¬ 
tion. in addition, a two-proton doublet &l 3 3.04 ppm could he assigned 
io the group CVICffoCGCHs; the downfiaid shift of the signal was in ac¬ 
cord -vitn stem-a r si I Ite observed for protons alpha io carbonyl groups 
in ctR::'- Indole, alkaloids 1X5). The remainder of the MMX specs: am was 
in accord vote the asslgsment of : a modified IIatructur-e to the compound. 

1 he methyl resonances in particular were characteristic for this stmefoite, 
while the . .ofVV pm Von of an AB Q uarlet visible . at c 7.02 vc-i-r was *m- 
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Physiologically Based Pharmacokinetic Mods! for 
Digoxin Distribution and Elimination in th< 
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Abstract □ A plasma flow rate-limited pharmacokinetic model was 
developed to describe the distribution of digoxin to the heart, liver, 
kidneys, skeletal muscle, and GI tract in the rat. The model also provides 
for renal, hepatic (metabolic and biliary), and GI clearance as well as for 
biliary and Gl secret ion and GI re absorption of digoxin. Predicted con¬ 
centrations of digoxin in the heart, liver, skeletal muscle, and plasma were 
consistent with experimental observations in conscious rats after an in 
travenous dose. The model was extended to describe digoxin concen¬ 
trations in the plasma of bile duct-ligated rats and ureter-ligated rats, 
simply by modifying appropriate clearance parameters. Excellent 
agreement was obtained between predicted and observed urinary ex¬ 
cretion rates of digoxin for 12 hr after an intravenous dose to normal and 
bile duct di gated rats. 

Key phrases □ Digoxin—pharmacokinetic model for distribution and 
elimination, effect of ligation of bile duct or ureter, ra ts □ Pharmacoki¬ 
netics- -digoxin, model for distribution and elimination, effect of ligation 
of bile duct or ureter, rats O Distribution, tissue—digoxin, pharmaco¬ 
kinetic model, effect of ligation of bile duct or ureter, rats □ Elimina¬ 
tion—digoxin, pharmacokinetic model, effect of ligation of bib duct or 
ureter, rats □ Cardiotonic agents—digoxin, pharmacokinetic model for 
distribution and elimination, effect of ligation of bile duct or ureter, 
rats 


Compartment models to describe the pharmacokinetics 
of drug disposition are usually developed by curve fitting 
plasma concentration data with multiexponential equa¬ 


tions, Due to the limitations of this approach, usually no 
representation more complex than a two-compartment 
open model is justified to describe the time course of drug 
concentrations in plasma. In almost all instances, com 
partmeni volumes and transfer constants have no ana¬ 
tomical or physiological reality. Moreover, these models 
are very species dependent. Although classical phar¬ 
macokinetic models have many clinical applications, the 
amount of basic informatloi 


J - ~-r l vrt*4 i n thev v rovide is intrinsicaHy 


3 


limited. 


In recent years, there has been considerable interest in 
the development of anatomically and physiologically re¬ 
alistic pharmacokinetic models for drug disposition hasea 
on organ blood or plasma flows and voluMes (1) , In prim 
ciple, these models permit the prediction of drug concen¬ 
trations in any target tissue at any time and may provide 
considerable insight to drug dynamics. Furthermore^ drug 
distribution in certain pathophysiologic conditions may 
be simulated by altering estimates of organ blood flow (2 f 
3). Perhaps most important, physiologically based models 
can be scaled to apply to several species ;4h Thus, the large 
data base required to develop s physiological phar¬ 
macokinetic model may be collected in a laboratory anin)£ j 
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